P ost-dispersal granivory by insects can shape the density and distribution of weed communities. Consequently, there has been growing interest in using these insects as biological control agents of weeds in agricultural systems (Brust and House 1988, Cromar et al 1999 , Gallandt et al. 2005 , Mauchline et al. 2005 . Ground beetles are often major constituents of granivore communities and are capable of feeding on large numbers of seeds (Brust and House 1988 , Gallandt et al. 2005 , Mauchline et al. 2005 . The effect of ground beetles on weed population dynamics and the effects of management practices on granivory in agricultural systems are poorly understood. I present the efforts to characterize the seed-feeding behaviors of two agronomically important ground beetles and describe the effects of organic transition strategies on seed predation.
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Seed Feeding in the Laboratory
Harpalus pensylvanicus DeGeer and Anisodactylus sanctaecrucis F. are two abundant granivorous ground beetles that occur throughout much of North America (Bousquet and Larochelle 1993) . However, these species are phenologically quite different; A. sanctaecrucis is more abundant in spring and summer, and H. pensylvanicus occurs later in the summer and fall. Beyond being considered omnivorous, accepting live and dead insects and seeds, the feeding behavior of adults of these species has not been well explored. We examined seed consumption of weed seeds by adults of these species in the laboratory.
The selected seeds encompass a range of sizes and structural characteristics, and 0.15 g of each species was offered. Species offered to H. pensylvanicus were common lambsquarters (Che-
, and giant foxtail (Setaria faberi Herrmann). Giant foxtail, giant ragweed, and redroot pigweed were not offered to A. sanctaecrucis; and red fescue (Festuca rubra L.) was substituted for the foxtail. Seeds of a single species were placed with each beetle in a plastic Petri dish, and the number of seeds remaining unscathed at the end of 48 h was recorded. For this research, we controlled for the effects of seed and beetle size on seed consumption by using a consumption index, calculated as the biomass of seeds consumed per gram of beetle biomass.
The seeds of these species varied in their acceptability to the two ground beetle species, and the two ground beetle species differed in their ability to consume the different seed species (Fig. 1 ). Lambsquarters seed was the most preferred by both beetles, with an average of 208 ± 19 and 74 ± 7 seeds being consumed over 48 h by H. pensylvanicus and A. sanctaecrucis, respectively. For H. pensylvanicus, lambsquarter, broccoli, and redroot pigweed were the most acceptable species. In contrast, broccoli was virtually untouched in the A. sanctaecrucis dishes, and alfalfa was a preferred seed.
Farm Management Intensity and Seed Removal
In 2003, the Illinois Natural History Survey and the University of Illinois initiated a multidisciplinary research project to examine the efficacy of different strategies to transition land from conventional to organic production (to be described more completely in an upcoming paper). Based on grower input, three strategies were devised that represented vegetable production, cash grain, and pasture systems-three predominant systems used by growers in the United States to weather the transition process. Inherent in these systems is the level of inputs and disturbances associated with successful operations. For instance, vegetable systems require more inputs than cash grain systems, and pasture systems are associated with a minimum of management. Weed control is a dominant concern of organic producers, and I was interested in how these transition strategies affect granivory rates, as part of a larger study of weed seed banks during the transition process. 1988) . The vegetable plots were planted to crucifer crops, the grain treatment was winter wheat stubble, and the pasture was a mixture of grasses and leguminous forages. Pitfall and quadrat samples were used to monitor granivorous insect communities in association with the different transition systems. The density of granivorous insects was measured by identifying the insects occurring within 0.25-m 2 quadrats. Petri dishes with weed seeds (25 each of giant ragweed and ivyleaf morning glory, and 50 each of common lambsquarters, redroot pigweed, crabgrass, giant foxtail, velvetleaf) affixed to the base with double-sided tape were placed in the field and buried just beneath the soil surface. A wire cage (1.4-cm mesh) was placed around each dish to exclude vertebrate granivores. At the end of each week, the Petri dishes were replaced, and the number of seeds removed was counted.
Ground beetles as weed control agents: effects of farm management on granivory
Farm management had a significant effect on the seed removal, and there was a distinct preference for certain seed species. In all, 20 species (36.67% of specimens) of granivorous ground beetles were captured in pitfalls. A. sanctaecrucis and H. pensylvanicus were the most frequently captured granivorous ground beetles, each accounting for 11% of specimens captured. Besides carabids, other granivorous arthropods were collected, mainly crickets (10% of specimens; Gryllus pennsylvanicus, Gryllus veletis, and Allonemobius fasciatus). The densities of granivorous species were significantly affected by the transition strategy (F 2,6 = 14.12, P = 0.005), as was the seed removal rate (F 2,9 = 7.20, P = 0.014), with the pasture having the highest level of seed removal and greatest density of granivores (Table 1) . Seed removal was fourfold higher during the second observation week, the only week with rainfall. In the field, granivores favored the grass species over the seeds of broadleaved species (Fig. 2) . Lambsquarters, the seed preferred by predominant carabids in the laboratory (see above), was only of intermediate preference in the field.
Conclusions
Ground beetles can consume large numbers of weed seeds, and seeds clearly vary in their suitability and attractiveness to granivorous species. Several factors related to the morphology and natural histories of beetles and seeds likely play a role in their interactions (Janzen 1971) . For instance, the beetles' size and mandibular strength probably limit which seeds they can tackle; and the seed coat thickness, structural and chemical defenses, and seasonal phenology of seeds limit which seeds are acceptable to granivores. This research also demonstrates that farmers influence the rates of granivory on their land through their management decisions. Granivory by beneficial insects has an economic value and should be considered when developing farming protocols and pest management frameworks. 1A.
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